All relevant data are available at <https://purl.stanford.edu/tr890xw5305>.

Introduction {#sec001}
============

Arthropod--borne viruses (arboviruses) comprise some of the most important emerging pathogens due to their geographic spread and increasing impact on vulnerable human populations. Over 100 arboviruses are known to cause pathology in humans, creating a significant global health burden, yet the transmission, epidemiology, and incidence of arbovirus-related human disease remain poorly defined, particularly in sub-Saharan Africa. Kenya has had multiple arbovirus outbreaks in the past 2 decades including yellow fever \[[@pntd.0008362.ref001], [@pntd.0008362.ref002]\], chikungunya \[[@pntd.0008362.ref003]\], Rift Valley fever \[[@pntd.0008362.ref004]--[@pntd.0008362.ref006]\] and dengue fever \[[@pntd.0008362.ref007]\], which have resulted in significant effects to local economies and community health \[[@pntd.0008362.ref008]--[@pntd.0008362.ref013]\]. Thus, the characterization of arboviral circulation in the rapidly changing Kenyan environments that support vector proliferation is essential to better inform human risk assessment and vector control practices.

Transovarial transmission (TOT) is a mechanism by which infective female mosquitoes pass the virus to their offspring via their eggs. TOT is believed to be a mechanism by which arboviruses maintain a local presence during environmental conditions that are adverse for mosquito proliferation, *e*.*g*. during dry seasons and winter. Quiescence of vertically infected mosquito eggs in response to environmental conditions may contribute to viral persistence or re-emergence within a region \[[@pntd.0008362.ref014]\]. A recent review of modeling studies suggests that, for DENV, TOT is likely not an important mechanism of viral propagation in Southeast Asia and the Americas, but rather asymptomatic infections in humans and the movement of people account for DENV persistence \[[@pntd.0008362.ref015]\]. Others theorize that selective pressures arise from different vector-virus system combinations that influence the success of horizontal and vertical transmission in a population, as well as overall virulence \[[@pntd.0008362.ref016], [@pntd.0008362.ref017]\]. Although comprehensive evidence exists demonstrating that TOT of CHIKV and DENV occurs in many distinct endemic regions, complex mechanisms and a lack of field data lead to an incomplete understanding of the contributions of TOT to viral persistence during interepidemic times. In particular, the propagation and maintenance of DENV and CHIKV in Africa and the role of TOT in this viral maintenance is not well understood. This study describes the prevalence and spatiotemporal distribution of CHIKV, DENV, and ZIKV in field-caught mosquitoes in Kenya. We further investigate the rate of TOT of these viruses to determine its possible contribution to viral maintenance in this endemic setting.

Methods {#sec002}
=======

Ethics statement {#sec003}
----------------

The study protocol was approved by the Stanford University Institutional Review Board (Protocol ID \#31488) and the Kenya Medical Research Institute (KEMRI) National Scientific and Ethical Review Committee (SSC \# 2611). Meetings were held at all four sites with local government administrators (village elders, chiefs, and assistant chiefs) and with the local residents in each sub-location to introduce the research study and staff to the public. Written informed consent was obtained from the adults who volunteered to participate in Human Landing Catches (HLC) before they were trained and began sampling for mosquitoes. Oral consent was obtained from household heads to sample mosquitoes within their houses and their compounds.

Mosquito collection {#sec004}
-------------------

Study sites: This study was conducted in four sites in Kenya: two western sites, Kisumu (urban) and Chulaimbo (rural) in Kisumu County, and two coastal sites, Ukunda (urban) and Msambweni (rural) in Kwale County ([Fig 1](#pntd.0008362.g001){ref-type="fig"}). Kisumu is the third largest city in Kenya located at the shore of Lake Victoria. Chulaimbo village is located 19 kilometers from Kisumu. Ukunda is an emerging urban center located 30 kilometers south of Mombasa in Kwale County along the Indian Ocean coastline. Msambweni village is also in Kwale County, near the shore of the Indian Ocean. It is located 30 kilometers south of Ukunda nearer the Tanzanian border. The climate in both regions is tropical with a bimodal monthly rainfall pattern, with a long rainy period from March to June and a short rainy period from August to October. Sampling for *Aedes* mosquitoes in each of the four sites was done in a selected area of approximately 1.5 x 1.0 km.

![Map of study sites in Kenya.\
Created in QGIS 2.18.11 using MapBox.](pntd.0008362.g001){#pntd.0008362.g001}

The mosquito collection methods have been previously described in detail \[[@pntd.0008362.ref018], [@pntd.0008362.ref019]\] and are briefly summarized here:

Human Landing Catches (HLC): Two homesteads were selected in each of the sites for sampling of blood-seeking mosquitoes using HLC both indoors and outdoors. Paired teams worked together, with one exposing the legs, and the other collecting mosquitoes landing on their partner's legs. Team members changed roles hourly. Captured mosquitoes were placed in collection vessels provided with 10% sugar solution on cotton wool. Vessels were transported on ice to insectaries at KEMRI at Kisian in Kisumu County (for the western sites) and the Vector Borne Disease Control Unit in Msambweni County Referral Hospital, Kwale County (for coastal sites).

Prokopack Automated Aspirators: Twenty houses were randomly selected in each of the sites and sampled indoors and outdoors monthly for resting mosquitoes using Prokopack aspirators \[[@pntd.0008362.ref020]\]. Sampling was performed simultaneously, both indoors and outdoors, for 20 minutes by a pair of entomology team members. The collection vessel, which was fitted with a wire mesh on the underside, was used on the aspirator and was capped and removed at the end of each sampling period. Mosquito specimens were stored on ice and transported to each insectary as described above.

Biogents-Sentinel traps (BGS): Two houses were selected in each of the four sites for adult mosquito sampling using Biogents (BGS)-traps (Biogents AG Weissenburgstr 22 93055 Regensburg, Germany). Initially, the BGS traps were set indoors in the sitting room without lure. In May 2015, the houses were changed, the trap location was changed from indoors to open, secure verandas, and the traps were baited with CO~2~. The BGS trap was set to sample mosquitoes for five consecutive days every month. Trapped specimens were collected daily and stored and transported as above.

Sampling of immature mosquitoes: Pupal and Larval sampling: Forty houses in each of the four study sites were selected by random sampling: 20 houses for larval sampling and 20 for ovitrap sampling. Houses were assessed for immature mosquito infestation on a monthly basis over the study period. All natural and artificial water-holding containers in and around each household were inspected for mosquito larvae and pupae. All pupae and larvae (3^rd^ and 4^th^ instars) from positive containers were collected with pipettes and ladles \[[@pntd.0008362.ref019], [@pntd.0008362.ref021]\]. Water from large containers was first sieved and mosquito samples were placed in a white plastic tray with some water from which the immatures were pipetted. Mosquito samples were placed in 10mL Falcon tubes (Fisher Scientific, Waltham, MA) and/or Whirl-pak plastic bags (Nasco, Fort Atkinson, WI), labeled, and taken to the insectaries. There, immature mosquitoes were reared in 200 mL plastic cups under laboratory conditions at an average temperature of 28.15 ± 1.8ºC and relative humidity of 80.9 ± 6.3%, and larvae were fed on TetraMinbaby fish food until adult mosquitoes emerged.

Ovitrap Sampling: Ovitraps were placed in 20 households that were randomly selected as fixed sampling points in each of our four study sites. Each ovitrap consisted of a black plastic cup filled with 350 mL of tap, borehole, or rainwater. The inside of the cup was lined by a brown paper towel that was partially submerged. Eggs were laid on the damp paper towel just above the water line. Ovitraps were set once a week for the duration of the study. To obtain the eggs, the paper towel in each trap was removed, placed into a plastic storage bag and transported to the insectary facilities. Each paper towel was examined under the dissecting microscope for identification of *Aedes* species eggs. To confirm the species, the eggs were submerged in tap water for hatching and the larvae reared to adults under the conditions described above.

Mosquito identification: In the insectaries, once mature, all mosquitoes were killed by placing them at -20°C for 15 minutes. They were then sorted by genus (*Aedes* spp., *Anopheles* spp., or *Culex* spp.) and sex, using a standard identification key \[[@pntd.0008362.ref022]\]. Further analyses described only detail data pertaining to *Aedes* spp. collected, with only *Ae*. *aegypti* specimens pooled and tested by methods described below.

Sample storage and transport for viral testing: A single leg was removed from each mosquito specimen and transferred to a 2mL Cryotube (Sarstedt, Rommelsdorf, Germany) with 0.5mL of RNA later (Sigma-Aldrich, St. Louis, MO) to preserve any viral nucleic acids. Samples were stored at -80°C until they were shipped to Stanford, CA, USA on dry ice for processing.

Collection of rainfall data {#sec005}
---------------------------

To monitor rainfall at each of our sampling sites, one rain gauge (HOBO Onset data loggers, Onset Computer Corporation 470 Bourne, MA USA), was installed at each of the four sites to collect daily rainfall. The sites were: Chulaimbo Sub-District Hospital (Chulaimbo) (0°02\'16.5\"S, 34°38\'20.1\"E), Jaramogi Oginga Odinga Teaching and Referral Hospital (Kisumu) (0°05\'17.5\"S, 34°46\'13.6\"E), Msambweni County Referral Hospital (Msambweni) (4°28′12″S, 39°28′48″E) and Diani Health Centre (Ukunda) (4°16\'44.5\"S, 39°35\'25.0\"E). Data from rain gauges were downloaded monthly.

Sample processing {#sec006}
-----------------

Mosquito legs taken from mosquitoes that had been sorted by species, sex, trap type, and date of capture, were grouped into 714 pools of \~25 individual legs (range 1--36). Specimens of each type (sex etc.) were independently isolated, and all instruments were cleaned and decontaminated with 10% bleach solution between isolations to mitigate any potential for cross-contamination. Each pool of mosquito legs was then transferred into a 2.0 mL microcentrifuge tube with six 2 mm ceramic lysis beads (OMNI International GA USA) with 700 μL of MagMAX Lysis/Binding Solution Concentrate (Applied Biosystems, CA, USA). Samples were then homogenized in a Bead Ruptor 24 (OMNI International, GA, USA), according to the following program: Strength = 5.65, Time = 0:30, Cycles = 2, Delay = 0:05. Sample lysates were then centrifuged at 15,000 rpm for 6 minutes at room temperature to remove debris. Nucleic acid isolation was then performed using MAGMAX 96-Viral Isolation Kit (Life Technologies, CA, USA) according to the manufacturer's instructions. The manufacturer's decontamination protocol was performed after every run to prevent nucleic acid transfer between samples.

Molecular testing {#sec007}
-----------------

Pooled legs of *Aedes aegypti* mosquitoes were tested for the presence of ZIKV, CHIKV, and DENV RNA with a triplex real-time reverse transcription PCR (rRT-PCR), as previously described \[[@pntd.0008362.ref023]\]. Briefly, ZIKV-CHIKV-DENV rRT-PCR reactions were performed using the SuperScript III Platinum One-Step qRT-PCR kit (Life Technologies) with a total reaction volume of 25 μL and 5 μL of eluate. Reactions were performed on a Rotor-Gene Q instrument (Qiagen). Thresholds were set according to the published validation, and all exponential curves that crossed the threshold prior to cycle 45 were considered positive \[[@pntd.0008362.ref024]\]. Negative controls containing no RNA template were included on every run of the assay, and amplicon curves were not observed in any of these controls. To validate our assay results, we performed monoplex PCR assays, using the same primer sets included in the multiplex reaction, on a subset of 18 CHIKV positive samples, and all 3 of the DENV positive samples to confirm infection.

Statistical analysis {#sec008}
--------------------

Multi-way chi-square (χ^2^) analyses were performed to determine statistical differences among the levels of positivity for the recovered samples from different trap types. Maximum likelihood estimates of viral infection rates were calculated using the Poolscreen methodology developed by Katholi and Unnasch \[[@pntd.0008362.ref025]\].

Results {#sec009}
=======

Prevalence of infection {#sec010}
-----------------------

Between January 2014 and May 2016 mosquitoes were collected using multiple trapping methods at 4 study sites in Kenya; Chulaimbo (rural) and Kisumu (urban) in the west of the country, and Msambweni (rural) and Ukunda (urban) on the coast ([Fig 1](#pntd.0008362.g001){ref-type="fig"}).

A total of 714 pools of *Aedes aegypti* species legs were tested. Of these 180 (25%) were caught in Chulaimbo, 123 (17%) in Kisumu, 178 (25%) in Msambweni, and 233 (33%) in Ukunda ([Fig 2](#pntd.0008362.g002){ref-type="fig"}). The distribution of mosquito leg pools amongst each of the trap types was as follows: Ovitraps---248/714 pools (35.0%), Larval---193 (27.0%), Pupal---72 (10.1%), BGS---61 (8.5%), Prokopack---88 (12.3%) HLC---52 (7.3%) ([Fig 2](#pntd.0008362.g002){ref-type="fig"}).

![Flow chart describing pools of *Ae*. *aegypti* mosquito legs by age, sex, and virus detected.\
All mosquito leg pools described were collected from four distinct study sites: Kisumu and Chulaimbo (urban and rural sites, respectively, in western Kenya), and Ukunda and Msambweni (urban and rural sites, respectively, in coastal Kenya) between January 2014 and May 2016.](pntd.0008362.g002){#pntd.0008362.g002}

Mosquito infection rates {#sec011}
------------------------

Of the 714 pools tested, 43 (5.9%) were positive for CHIKV ([Table 1](#pntd.0008362.t001){ref-type="table"}, [Fig 2](#pntd.0008362.g002){ref-type="fig"}) and 3 pools (0.4%) were positive for DENV, including 1 pool that was positive for both viruses ([Table 2](#pntd.0008362.t002){ref-type="table"}, [Fig 2](#pntd.0008362.g002){ref-type="fig"}). ZIKV was not detected in in any mosquito pool tested in this study.

10.1371/journal.pntd.0008362.t001

###### Chikungunya.

Poolscreen estimates for the minimum infection rate for CHIKV \[[@pntd.0008362.ref016]\]. Kisumu and Ukunda represent the urban sites for the West and Coast, respectively. Rural collection sites were located in Chulaimbo and Msambweni for the West and Coast, respectively.

![](pntd.0008362.t001){#pntd.0008362.t001g}

  Sites         No. Pools   No. positive pools   Estimated infection rate (95% CI)
  ------------- ----------- -------------------- -----------------------------------
  All           714         43                   0.49% (0.34--0.68%)
  West          321         17                   0.33% (0.18--0.54%)
  West rural    180         9                    0.28% (0.12--0.53%)
  West urban    123         8                    0.42% (0.17--0.84%)
  Coast         411         25                   0.70% (0.43--1.10%)
  Coast rural   178         13                   0.85% (0.43--1.50%)
  Coast urban   233         12                   0.58% (0.28--1.00%)
  All rural     369         22                   0.46% (0.27--0.71%)
  All urban     347         20                   0.51% (0.29--0.81%)

10.1371/journal.pntd.0008362.t002

###### Dengue.

Poolscreen estimates for the minimum infection rate for DENV \[[@pntd.0008362.ref016]\]. Kisumu and Ukunda represent the urban sites for the West and Coast, respectively. Rural collection sites were located in Chulaimbo and Msambweni for the West and Coast, respectively.

![](pntd.0008362.t002){#pntd.0008362.t002g}

  Sites         No. pools   No. positive pools   Estimated infection rate (95% CI)
  ------------- ----------- -------------------- -----------------------------------
  All           714         3                    0.03% (0.01--0.10%)
  West          321         0                    0.00% (0.00--0.03%)
  West rural    180         0                    0.00% (0.00--0.06%)
  West urban    123         0                    0.00% (0.00--0.10%)
  Coast         395         3                    0.08% (0.02--0.24%)
  Coast rural   178         2                    0.13% (0.02--0.44%)
  Coast urban   233         1                    0.05% (0.00--0.25%)
  All rural     369         2                    0.04% (0.00--0.14%)
  All urban     347         1                    0.03% (0.00--0.13%)

Spatiotemporal distribution {#sec012}
---------------------------

Of the 45 arbovirus-positive pools 17/45 (37.7%) were from mosquitoes from western Kenya and 28/45 (62.2%) were from the coast. All three of the DENV positive mosquito samples were from the coastal sites. The maximum-likelihood CHIKV infection rate for the coast was 0.7% (95% CI 0.43--1.10%), compared to 0.33% (95% CI 0.18% - 0.54%) in the west ([Table 1](#pntd.0008362.t001){ref-type="table"}). The infection rates for both CHIKV and DENV on the coast exceeded the upper confidence intervals for infection rate in the west, confirming regional variation in the circulation of CHIKV and DENV. Although the rural study sites of Chulaimbo and Msambweni yielded more arbovirus-positive pools than their urbanized counterparts, the calculated infection rates did not significantly differ between rural and urban sites (Tables [1](#pntd.0008362.t001){ref-type="table"} and [2](#pntd.0008362.t002){ref-type="table"}).

CHIKV was identified in pools of both immature and mature mosquitoes and across all years and seasons of the study ([Fig 2](#pntd.0008362.g002){ref-type="fig"}). CHIKV and DENV were not detected in western Kenya in the latter half of 2014 nor in 2015, although the detection of CHIKV resumed in the early part of 2016. On the coast, both viruses were more frequently detected throughout the study, with peaks of infected mosquitoes roughly corresponding to peak periods of rainfall ([Fig 3](#pntd.0008362.g003){ref-type="fig"}). Of note, 22/42 (52.3%) of the CHIKV positive pools and 2/3 (66.6%) of the DENV positive samples were collected between January and May 2016.

![Temporal distribution of arbovirus positive mosquito leg pools and total rainfall across each study region.\
Mosquitoes and rainfall data collected between January 2014 and May 2016. Further study site details within western and coastal Kenya can be found in [Fig 1](#pntd.0008362.g001){ref-type="fig"}.](pntd.0008362.g003){#pntd.0008362.g003}

Life cycle stages {#sec013}
-----------------

When grouped either as field-caught adult samples (those caught by BGS, HLC and Prokopack) or as immature form samples (caught by larval and pupal sampling or by ovitraps) the contribution of each group to the total number of positives is proportional to its size. Legs from adult mosquitoes accounted for 28% of the total sample pools tested ([Table 3](#pntd.0008362.t003){ref-type="table"}), and contributed 27.9% of all positive pools ([Fig 2](#pntd.0008362.g002){ref-type="fig"}). Of the sample pools collected and tested, 72% were captured as immature mosquitoes and reared to adulthood prior to leg removal and pooling, contributing 72.1% of the positive pools. Due to the collection yield rates, adult pools were generally smaller (mean 7.2 individuals) than the overall study average pool size (15.2) and the immature form pool size (18.4). When expressed as a maximum likelihood infection rate \[[@pntd.0008362.ref025]\], *i*.*e*., the estimated number of mosquitoes infected per 1,000 tested, the rate of CHIKV positivity was higher in adult mosquitoes (mean 61.8/1,000, range 30--100) than in immature mosquitoes (mean 9.0/1,000, range 2--24).

10.1371/journal.pntd.0008362.t003

###### The numbers of total *Ae*. *aegypti* pools caught by each collection method. The number of CHIKV positive pools of legs is shown in parentheses (). The number of DENV positives is shown in brackets \[\] The sex distribution of positive samples is given in the sub-rows.

\* One of the pools of mosquito legs from female mosquitoes was caught by HLC was positive for both viruses.

![](pntd.0008362.t003){#pntd.0008362.t003g}

  Collection type           No. of pools tested (Pos)   \% of total pools   \% of positive pools
  ------------------------- --------------------------- ------------------- ----------------------
      Male                  1                                               
      Female                3                                               
  **Human Landing Catch**   52 **(3) \[32\]**           7.3                 9.3
      Male                  0                                               
      Female                3 \[32\] \*                                     
  **Prokopack Aspirator**   88 **(4)**                  12.3                9.3
      Male                  1                                               
      Female                3                                               
  **Ovitrap**               248 **(10) \[32\]**         35.0                23.3
      Male                  5 \[32\]                                        
      Female                5                                               
  **Larval Collection**     193 **(9) \[32\]**          27.0                20.9
      Male                  4 \[32\]                                        
      Female                5                                               
  **Pupal Collection**      72 **(12)**                 10.1                27.9
      Male                  6                                               
      Female                5                                               
  **Total**                 **714 (43) \[3\]**          **100**             **100**

Ovitrap samples accounted for 35% of all pools tested, but with a proportionally smaller number of positives (23.3%). Conversely, pools of legs collected from pupal mosquitoes reared to adulthood contributed only 10.1% to the specimen total, but had 27.9% of positives. Indeed, the positivity rate in the larval collection was significantly increased in pairwise comparisons to both ovitraps (χ^2^ = 7.90, p = 0.005) and larval collection (χ^2^ = 10.35, p = 0.001). Rates for ovitraps and collected larvae did not significantly differ (χ^2^ = 0.12, p = 0.74). Likewise, there were no significant differences among the adult groups (χ^2^ = 0.63, p = 0.73) and no differences in positivity rates among adults and larvae (χ^2^ = 1.73, p = 0.79).

In our adult mosquito samples, 9/11 (81.8%) of positive samples were bloodmeal-seeking female mosquitoes, with one positive male pool each from the BGS sentinel traps and the Prokopack aspirator trapping. No male mosquitoes caught by HLC were positive for arboviruses. However, in the immature form samples, arbovirus positivity was relatively evenly distributed between sexes ([Fig 2](#pntd.0008362.g002){ref-type="fig"}).

Sample pools from each sex and lifecycle stage were found to be positive for both DENV and CHIKV. Of note, two of the three DENV positive pools were from male adult mosquitoes that had been reared in the laboratory from eggs or larvae (one pool each) collected in Msambweni, suggesting that DENV was vertically transmitted to these mosquitoes. The third DENV positive pool were adult female mosquitoes caught by HLC in Ukunda, suggesting that DENV was continuing to circulate at a low level at that time.

Discussion {#sec014}
==========

Results of our study suggest that both DENV and CHIKV, but particularly CHIKV, remains in circulation at low levels in Kenyan vectors in both rural and urban settings. The viruses are maintained through all seasons, although peaks of infected mosquito abundance coincide with periods of increased rainfall. An association between rainfall and CHIKV incidence has been documented in other settings \[[@pntd.0008362.ref026]\], but our detection of CHIKV in immature mosquitoes across all years and seasons of the study now indicates that this virus can be maintained by vertical transmission mechanisms during environmental conditions that are adverse for mosquito proliferation. While evidence of DENV TOT in Kenya has recently been described during epidemic times \[[@pntd.0008362.ref007]\], the present study is the first to describe vertical transmission of CHIKV in wild *Ae*. *aegypti* mosquitoes and DENV during interepidemic times in Africa.

Extensive evidence for the maintenance of DENV and CHIKV by TOT mechanisms in endemic regions illustrates the stability of the DENV and CHIKV in wild mosquito populations ([S1 Table](#pntd.0008362.s001){ref-type="supplementary-material"}). Evidence from experimental infections of *Aedes* spp. mosquitoes with CHIKV has demonstrated the potential for transovarial transmission of the virus \[[@pntd.0008362.ref027]--[@pntd.0008362.ref029]\]. Experimental evidence of TOT of CHIKV was debated in the 1980s \[[@pntd.0008362.ref030]\], but has been repeatedly observed in laboratory settings with *Aedes* spp. ([S1 Table](#pntd.0008362.s001){ref-type="supplementary-material"}) \[[@pntd.0008362.ref027]--[@pntd.0008362.ref029], [@pntd.0008362.ref031]--[@pntd.0008362.ref034]\]. The isolation of CHIKV viral RNA (but not viable virus) in artificially infected *Aedes aegypti* has been previously reported by Wong *et al*. \[[@pntd.0008362.ref029]\]. In contrast Vazeille *et al*. reported on the absence of vertical transmission of the East/Central/South African (ECSA) strain of the virus in *Aedes albopictus* in their studies of experimental infections \[[@pntd.0008362.ref035]\]. CHIKV TOT has been confirmed in wild mosquito populations recently, with a report by Jain *et al*. identifying CHIKV in field-caught immature *Aedes aegypti* mosquitoes in India \[[@pntd.0008362.ref036]\], and a report by Thavara *et al*. finding CHIKV in *Aedes aegypti* and *Aedes albopictus* adult males in Thailand \[[@pntd.0008362.ref037]\], both providing further evidence of vertical transmission in nature.

Our findings suggested the MIR for CHIKV was higher in adult mosquitoes as compared to immature mosquitoes. This might be expected if, in addition to vertical transmission of the virus (as suggested by our findings), adults may have also taken blood meals from CHIKV-positive humans. In addition, venereal infection of females by virus-positive male mosquitoes has been described as another potential route for infection of adult females \[[@pntd.0008362.ref033]\]. Interestingly, the rate of infection of mosquitoes caught in larval collection was significantly higher than in the ovitraps. Bara et al. \[[@pntd.0008362.ref038]\] suggest a mechanism of horizontal DENV transfer in *Aedes* mosquitoes, by which larvae may became infected by the ingestion of material from dead, vertically-infected immature mosquitoes or dead, infected adults \[[@pntd.0008362.ref039], [@pntd.0008362.ref040]\], yet such suggestions have yet to be documented with published data. In addition to its potential contribution to viral persistence, this mechanism may explain the proportionally increased rate of infection in our pupal samples.

We detected DENV in immature mosquito specimens and adult male pools, suggesting transovarial transmission of the virus in our samples. Thorough investigations have described DENV TOT in wild mosquitoes in a many affected geographic regions \[[@pntd.0008362.ref007], [@pntd.0008362.ref041]--[@pntd.0008362.ref063]\] ([S1 Table](#pntd.0008362.s001){ref-type="supplementary-material"}), suggesting an important role in the interepidemic maintenance of DENV. Although TOT mechanisms are thought not to be an important method of viral transmission of DENV in SE Asia and the Americas \[[@pntd.0008362.ref015]\], the significant genetic divergence of *Ae*. *aegypti* mosquitoes from these regions compared to those in Africa has been documented \[[@pntd.0008362.ref064]\]. Thus, it is possible that transovarial transmission mechanisms are of greater importance to DENV persistence in Africa compared to the rest of the tropics. Moreover, differences in the vertical transmission rate of DENV between *Aedes aegypti* and *Aedes albopictus* have been suggested previously \[[@pntd.0008362.ref015]\], hence it is likely that that mosquito species also plays a defining role in the rate of vertical transmission of CHIKV. Future research comparing vertical transmission rates of different arboviruses in competent vector species could help to inform local vector and risk management policies. In future mosquito collections, we will endeavor to differentiate between different *Aedes* species in order to expand the understanding of species-specific TOT contributions to the global arboviral burden.

The increased presence of CHIKV in coastal Kenya, as observed in this study, is in agreement with previous studies that have shown high rates of alphavirus transmission in this region \[[@pntd.0008362.ref065]\]. In addition, we only detected DENV-infected mosquitoes in the coastal study sites. This finding is in accord with previous epidemiologic findings on the regional variation in incidence of flavivirus infections in Kenya \[[@pntd.0008362.ref012], [@pntd.0008362.ref066]--[@pntd.0008362.ref068]\]. During our 2014 to 2016 sampling period described in this study, we were also simultaneously collecting blood samples from child participants within acutely ill and healthy cohorts as a part of a larger, longitudinal study aiming to determine the incidence and prevalence of DENV and CHIKV in children in coastal and western Kenya, which has been previously described \[[@pntd.0008362.ref010], [@pntd.0008362.ref069]\]. Briefly, a primary diagnosis of acute DENV or CHIKV infection accounted for 24% (n = 93/385 participants) of the participants tested by RT-PCR \[[@pntd.0008362.ref069]\]. These data specifically highlight the incidence of clinical CHIKV and DENV disease in Kenyan children, with a greater frequency of confirmed incident CHIKV cases from western Kenya than from the coast \[[@pntd.0008362.ref069]\]. This is the opposite of the viral prevalence in mosquitoes that we have reported here. It is possible that CHIKV is persistently maintained in the mosquito population via transovarial transmission, particularly in regions where a larger proportion of the human population have some immunity to the virus. Moreover, in such regions of relatively higher immunity, local residents are hence less likely to present with symptomatic infections \[[@pntd.0008362.ref070], [@pntd.0008362.ref071]\]. We have previously noted that the presence of CHIKV in coastal Kenya may be misinterpreted by the presence of a closely related alphavirus, O'nyong'nyong virus \[[@pntd.0008362.ref065]\], which is transmitted by anopheline mosquitoes \[[@pntd.0008362.ref065]\], yet indistinguishable from CHIKV when utilizing common serological diagnostic tools due to antibody cross-reactivity \[[@pntd.0008362.ref072]\]. Yet, repeated discovery of arboviruses in competent vectors and in human populations reiterates the public health importance of these findings, and the need for better integration into local vector control measures and community education.

Our study had limitations. An inherent sampling bias existed in our study due to the relative difficulty in capturing adult mosquitoes compared to eggs and larvae. We have, however adjusted for this by expressing our data proportionally and, where relevant, as minimum infective rate. As with all studies, it is possible that some variation was introduced by the different trap operators and entomologists at the different study sites. We minimized such effects by ensuring that all personnel were briefed and trained together, by rotating staff between the 4 sites, and by holding regular conference calls between all staff to ensure consistency of our protocols and methodologies. This study focused on the detection of viral RNA from pooled mosquito legs, and data presented in this manuscript is not representative of potential live virus that may have been contained within our samples. We were unable to recover viable CHIKV and DENV in the laboratory as the test samples were stored in a lysis buffer, which rendered them unsuitable for inoculation into cell culture. However, we did confirm the presence of CHIKV in a subset of our samples using individual monoplex reactions, using the same primers as used in the multiplex reaction. The template used in these confirmatory monoplex assays was generated in a separate reaction to that used for the multiplex assay. Additionally, initial mosquito specimen processing occurred in laboratories that did not contain any live virus, and molecular testing was conducted in a laboratory in which structural measures including a one-way work flow and separate room for nucleic acid isolation and detection are instituted to mitigate the risk of contamination. Thus, we are confident that our positive findings are not the result of cross-contamination. Further confirmation of vertical transmission of CHIKV is important to the elucidation of the mechanisms by which the virus is sustained outside of its human host. To achieve this, future research should involve the appropriate collection and storage of mosquito samples so that live virus, when present, can be isolated and characterized.

Our findings highlight the health implications of regional variation in arboviral circulation, and underscore the importance of understanding mechanisms of arboviral transmission to local risk assessment and healthcare management. Importantly, we have provided evidence that CHIKV and DENV are vertically transmitted in *Ae*. *aegypti* mosquitoes, likely facilitating the maintenance of baseline levels of virus in the study locations. Low-level circulation may explain the lack of seasonal patterns in CHIKV and DENV epidemics in Kenya, yet regularly occurring TOT is likely to contribute to local viral maintenance and a continuous, low-level incidence of human infections that establish a higher baseline immunity to these viruses within the local population.
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